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Summary

Aim:
The mechanisms by which intravenous immunoglobulins (IVIg) result in an increase in platelet counts in most patients with autoimmune thrombocytopenia (ITP) have not yet been fully explained. One of these mechanisms may be related to stimulation of thrombopoiesis. Methods: A total of 13 adult patients who received IVIg were studied: 11 patients with primary ITP, 1 patient with ITP related to common variable immunodeficiency (CVID), and 1 patient with uncharacterized thrombocytopenia. IVIg (0.5-1.5 g/kg body weight) was administered on consecutive days (days 1-3). Endogenous thrombopoietin (eTPO) was measured prior to and at least 1 day following treatment. In addition, IL-6 was measured in 5 of the treated patients. Results: In 10 of 13 patients, IVIg treatment resulted in an increase in platelet counts. eTPO remained unchanged or elevated in almost all cases where the platelet count remained low (<100 × 10 3 / l). In all cases with normal or increased platelet counts (>100 × 10 3 / l), the eTPO concentration decreased. Furthermore, IVIg induced IL-6 synthesis in all 5 examined patients. Conclusion: Our data indicate that the induction of eTPO synthesis by IL-6 may be a potential mechanism in which IVIg may stimulate thrombopoiesis. Further studies are required to characterize this mechanism. 
Schlüsselwörter
Results
Following IVIg treatment, platelet counts increased to a variable degree in 10 cases (no. 1-4, 6, 7, 9-11, and 13) and remained primarily unaltered in 3 patients (no. 5, 8, and 12). In 6 patients, the concentration of free eTPO decreased with increasing platelet counts (no. 3, 4, 6, 7, 9, 11). However, in 1 patient (no. 2), both the platelet count and eTPO concentration increased, and in another patient (no. 13), the eTPO concentration remained widely unchanged even though the platelet count increased. The eTPO remained undetectable in 1 patient with normal baseline platelet counts. In those patients who did not respond to IVIg treatment, the eTPO concentration remained either constant (no. 5) or increased (no. 8, 12). Free eTPO was undetectable in patients with platelet counts ≥100 × 10 3 / l (no. 4, 7, 9, and 13) and unchanged or elevated in patients with platelet counts below 100 × 10 3 / l (no. 1, 2, 5, 8, and 12).
IVIg administration resulted in an increase in IL-6 levels in all 5 patients analyzed (no. 9-13). In 2 patients who responded to IVIg, the IL-6 concentration increased with decreasing eTPO concentrations (no. 9 and 11). In 2 patients, IVIg resulted in no or only a minor increase in platelet counts (no. 10 and 12). The eTPO concentration decreased in patient no. 10 and increased in patient no. 12. Patient no. 13 presented normal platelet counts prior to IVIg administration. However, the platelet count in this patient increased with increasing IL-6 concentrations although the eTPO concentration remained unaltered (table 1) .
Discussion
The results in this study indicate that IVIg treatment influences eTPO levels, particularly in cases where platelet counts remained below 100 × 10 3 / l (no. 2 and 8). To further characterize this phenomenon, eTPO and IL-6 levels were measured in an additional group of 5 patients who required IVIg treatment. Once again, eTPO increased in 2 patients (no. 9 and 12), whereas IL-6 increased in all 5 analyzed patients. Furthermore, IVIg led also to an increase of IL-6 and of the platelet count in 1 patient with normal platelet count. This finding supports the results obtained in previous studies [12, 13] and indicates that the increase in eTPO may be explained by the increase in IL-6, which has previously been demonstrated to stimulate thrombopoiesis [14, 15] . The question why IVIg and IL-6 did not invariably demonstrate an increase in eTPO might be explained by the regulatory mechanism of eTPO and platelet rate. eTPO is primarily secreted from the liver, has no storage form, and enters the circulation. Once eTPO binds to platelets, and to a lesser degree megakaryocytes, it is internalized and removed from the circulation [2] [3] [4] . Thus, the level of eTPO is dependent on the total amount of circulating platelets. When platelet
Introduction
Chronic autoimmune thrombocytopenia (ITP) is presumably the best characterized autoimmune disease. Nonetheless, there remains much speculation regarding the pathomechanism and mechanisms of treatment concerning this disorder. In addition to autoantibody-mediated platelet destruction, dysfunctional immune regulation, T-cell-mediated platelet destruction, and an impaired platelet production appear to play a role in ITP [1] .
Endogenous TPO (eTPO), the primary regulator of platelet production, is primarily secreted from the liver and has no storage form. Once eTPO binds to platelets and to a lesser degree megakaryocytes, it is internalized and removed from the circulation [2] [3] [4] . Thus, the eTPO level is inversely proportional to the total amount of circulating platelets. Nevertheless, in ITP patients it has been demonstrated that the level of eTPO is normal or slightly, not highly, increased [5] . This might be related to the fact that increased platelet destruction in ITP leads to a depletion of both platelets and plateletbound eTPO. The administration of recombinant TPO (rTPO) or its receptor agonists increase platelet counts in about 80% of ITP patients [6, 7] . Furthermore, treatment with high-dose intravenous immunoglobulin (IVIg) abruptly elevates platelet counts in approximately 80% of ITP patients [8] . This effect is gained by multiple mechanisms which include the blockade of Fc receptor-mediated phagocytosis, inhibition of the complement cascade, neutralization of autoantibodies as well as modulation of inhibitory Fc receptor expression and cytokine production [9] [10] [11] . As IVIg administration induces the production of IL-6 [12, 13] which is known to stimulate eTPO synthesis in hepatocytes [14] , we questioned whether IVIg treatment would not only modulate the immune response in ITP but also stimulate the production of platelets via the IL-6-eTPO route.
In order to answer this question, we measured eTPO levels in 13 unselected patients. In addition, IL-6 levels were evaluated in 5 patients prior to and following IVIg treatment.
Patients and Methods
13 unselected outpatients managed at the Charité Medical School were studied. All patients required treatment with IVIg. 11 patients (no. 1-7, 9-12) had ITP and required emergency treatment due to bleeding complications, 1 patient (no. 13) had ITP related to common variable immunodeficiency (CVID), and 1 patient (no. 8) had an unclear thrombocytopenia, initially misdiagnosed as ITP. Peripheral blood samples for measuring the platelet count, eTPO, and IL-6 were collected directly prior to and following treatment with IVIg, which was administered in doses of 0.5-1.5 g/kg BW over 3 consecutive days.
eTPO and IL-6 were measured using commercially available ELISA Kits (R&D Systems, Wiesbaden-Nordenstadt, Germany, and BioLegend GmbH, Fell, Germany, respectively), according to the manufacturer's instructions.
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IVIg and Thrombopoiesis 219 aforementioned regulatory mechanism. Whether IVIg may also stimulate thrombopoiesis by other mechanisms remains speculative. Whatever the mechanisms may be, there remains no doubt that IVIg, to some extent, stimulates thrombopoiesis. During the course of this study, a similar conclusion has recently been drawn by other authors who demonstrated an increase in the absolute immature platelet fraction in 2 of 6 ITP patients following IVIg administration [16] . In addition, these authors cited data of 2 other patients who were treated with IVIg and in whom platelet counts were observed to increase although platelet survival was not adequately enhanced [17] . Since IVIg operates in vivo via sevproduction is reduced, eTPO clearance is also decreased, resulting in its increase in plasma, eventually stimulating thrombopoiesis. Unfortunately, we did not measure eTPO levels at different times following IVIg administration in order to determine the peaks of change during our observation. Suggesting that the peak level of IL-6 occurs within 1 h following IVIg administration [12, 13] and that of eTPO at least within or after 2 days following an increase in IL-6 [14] , we were unable to record all significant changes in either IL-6 or eTPO. This point should be more precisely considered in future studies, though the true effect of IVIg or IL-6 on eTPO may, at least in part, remain obscure due to the eral mechanisms [11] , it remains unclear whether the effect related to thrombopoiesis invariably occurs and whether the total dose may also play a role. Further studies are required not only to determine optimal IVIg doses to achieve this effect but also to clarify whether this effect occurs in all patients.
